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Multiple sclerosis (MS) is a chronic, inflammatory disease of unknown etiology that involves an immune-
mediated attack on the central nervous system. This disabling disease affects more than 2.3 million 
individuals worldwide. Most are diagnosed between 20 and 50 years of age. The most common pattern 

of the disease is relapsing-remitting MS (RRMS), which affects approximately 85% of individuals, according to 
the National MS Society.

While no cure exists yet for MS, patients will require disease-modifying therapies (DMTs) to alleviate symptoms 
and manage exacerbations. FDA-approved DMTs for the treatment of relapsing forms of MS include injectable 
therapies, newer oral options, and targeted monoclonal antibody agents (Table 1). Alemtuzumab is one of the 
newer targeted monoclonal antibody agents indicated for the treatment of patients with relapsing forms of MS. 
Because of its safety profile, alemtuzumab should generally be reserved for patients who have had an inadequate 
response to ≥2 drugs indicated for the treatment of MS, according to the drug’s Prescribing Information. Clinical 
trials of alemtuzumab showed benefits on relapse, disability outcomes, and freedom from clinical disease. Because 
the management of MS is complex and there are a variety of DMTs available, clinicians need to balance the safety 
and efficacy when establishing a protocol to manage this disease. For this literature review, First Report Managed 
Care identified 4 studies that examined these criteria. One study discussed the benefits and risks of DMTs, while 
3 studies evaluated alemtuzumab in key clinical trials, its effectiveness on visual impairment, and its impact on 
survival and function of human regulatory T cells. This article provides an overview of these studies.

DMTs for MS
In the first study, the researchers dis-

cussed the currently FDA-approved 
DMTs and their risks and benefits and 
outlined long-term goals and challenges 
[Clin Ther. 2014;36(12):1938-1945].

Platform injectable therapies include 
interferons and glatiramer acetate. Their 
mechanism of action is targeted pri-
marily at modulation of T lymphocyte 
differentiation and function, and, in 
general, they do not have a marked im-
munosuppressant effect. The advantage 
of these agents is that they have >20 
years of safety data, and serious adverse 
events (AEs) rarely occur. However, only 
a subset of patients respond to these 
DMTs and the effect can be modest.

Newer oral immune suppressive agents 
for use in MS patients include dimethyl 
fumarate, fingolimod, and terifluno-
mide. These agents have been rigorously 
studied and have a more global im-
munosuppressant mechanism of action 
compared with injectable treatments. 
The emergence of oral treatments for 
MS provides patients with greater ease 
of use and has led to a decline in the use 
of platform injectable therapies as first-
line treatment. One study found that 
a major concern with the oral agents 
is their effects on fertility, pregnancy, 
and the safety of breastfeeding in a 
patient population that includes many 
people of childbearing age [Multi Scler. 
2013;19(7):835-843].

Second-line DMTs include the mono-
clonal antibody agents natalizumab 
and alemtuzumab. A phase 3, placebo-
controlled trial of natalizumab infused 
every 4 weeks reduced the exacerba-
tion rate by 68% during the first year 
of treatment, had marked effects on 
magnetic resonance imaging (MRI) 
outcomes, and reduced the rate of dis-
ability progression over 2 years [N Engl 
J Med. 2006;354(9):899-910]. Although 
natalizumab is generally well-tolerated, 

the primary drawback is its association 
with the development of progressive 
multifocal leukoencephalopathy, par-
ticularly in patients with a detectable 
humoral response to JC virus and previ-
ous immunosuppression.

Alemtuzumab, a single intravenous 
treatment, can result in immunosup-
pression that persists for as long as a 
year. A 3-year, phase 2 trial compar-
ing alemtuzumab with an interferon 
beta-1a (IFNB-1a) preparation found 
that alemtuzumab treatment reduced 
disability progression, improved dis-
ability scores, and decreased relapse 
rate by approximately 70% [Lancet. 
2012;390(9856):1829-1839]. Ap-
proximately 23% of patients receiving 
alemtuzumab developed autoimmune 
thyroid disease, predominately due to 
Graves disease; numerous other AEs 
were observed, including neoplasms 
and opportunistic infections.

Current challenges of DMTs include 
initial and subsequent selection of spe-
cific agents, potential AEs, develop-
ment of approaches to individualize 
treatment, lack of effective therapies 
for nonrelapsing forms of progressive 
disease, and cost. Furthermore, no DMT 

has been FDA-approved to treat primary 
progressive MS. Newer more effec-
tive treatments are needed, particularly 
for patients with a progressive course,  
according to the study.

Efficacy and 
Safety of 
Alemtuzmab

Alemtuzumab—FDA-approved in 
November 2014 for the treatment of 
RRMS—is a monoclonal antibody that 
targets CD52, an antigen of unknown 
function that is primarily expressed on 
T and B cells. Circulating T and B cells 
are thought to be responsible for the 
damaging inflammatory process in MS. 
The acute anti-inflammatory effect of 
alemtuzumab is immediately followed 
by the onset of a distinctive pattern of 
T and B cell repopulation that contin-
ues over time, rebalancing the immune 
system in a way that potentially reduces 
MS disease.

In the first study of alemtuzumab, 
researchers reviewed the drug’s efficacy, 
safety, and considerations for use [Ther 
Adv Neurol Disord. 2015;8(1):31-45]. 
The alemtuzumab clinical development 
program used an active comparator, 
subcutaneous IFNB-1a, to demonstrate 
that alemtuzumab is a highly efficacious 
DMT therapy with benefits on relapses, 
disability outcomes, and freedom from 
clinical disease and MRI activity. Post 
hoc analysis of CAMMS223, which was 
a randomized, rater-blinded, active-

A study showed that, at year 3, 
73% of patients treated with 

alemtuzumab 12 mg were free of 
clinical disease activity.
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Table 1. FDA-Approved Disease 
Modifying Therapies for Multiple 
Sclerosis

Injectable Therapies

Interferon beta-1a

Interferon beta-1b

Glatiramer acetate

Oral Therapies

Dimethyl fumarate

Fingolimod

Teriflunomide

Monoclonal Antibody Agents

Alemtuzumab

Natalizumab

Source: Clin Ther. 2014;36(12):1938-1945.
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controlled, phase 2, head-to-head trial of 
alemtuzumab versus IFNB-1a, showed 
that, at year 3, 73% of patients treated 
with alemtuzumab 12 mg were free of 
clinical disease activity, defined as an 
absence of 6-month sustained accumu-
lation of disability (SAD) and relapse 
compared with 43% in the IFNB-1a 
cohort. 

The researchers also highlighted re-
sults from the CARE-MS [Comparison 
on Alemtuzumab and Rebif Efficacy in 
Multiple Sclerosis] studies, which were 
2-year, phase 3, randomized, active-
controlled, head-to-head trials of alem-
tuzumab versus IFNB-1a. CARE-MS 1 
included patients with RRMS new to 
treatment, while CARE-MS 2 included 
patients who had relapsed while on 
prior therapy. In both studies, alemtu-
zumab 12 mg was superior to IFNB-1a 
in reducing relapses and increasing the 
proportion of patients who were free 
of clinical disease (absence of relapses 
and SAD), and the proportion free of 
MRI activity and clinical disease. All 
patients completing the phase 2 and 
phase 3 trials were eligible to continue 
in an ongoing extension study. The 
phase 3 CARE-MS trials currently have 
preliminary data for up to 4 years. The 
annualized relapse rate over 4 years 
was 0.16 in treatment-naïve patients 
and 0.24 in patients who had relapsed 
on prior therapy. The extension study 
is expected to continue for at least 5 
years of total follow-up.

The safety profile was consistent 
across studies and no new safety sig-
nals have emerged during follow-up in 
the extension study. Infusion-associated 
reactions were the most common AEs 
in all 3 studies but were rarely serious. 
Infection incidence was elevated with 
alemtuzumab in clinical studies; most 
infections were mild to moderate in 
severity. Autoimmune AEs represent 
the most important risk associated with 

alemtuzumab treatment, occurring in 
approximately one-third of patients, 
manifesting mainly as thyroid dis- 
orders, and less frequently as immune 
thrombocytopenia or nephropathy. A 
comprehensive monitoring program 
lasting at least 4 years after the last 
alemtuzumab dose allows early detec-
tion and effective management of auto- 
immune AEs (Table 2).

The researchers noted that alemtu-
zumab is not for every MS patient and 
the decision to use this agent should be 
carefully considered. “Study data suggest 
that alemtuzumab may be ineffective in 
patients with secondary progression. 
Although the safety profile is generally 
manageable for the right patient, risks 
probably outweigh benefits in patients 
with mild disease or clinically isolated 
syndrome, and there are no available 
data on these populations,” the re-
searchers said. “Further experience with 
alemtuzumab in the clinic will provide 
needed long-term data.”

Alemtuzumab 
Improves Visual 
Outcomes

Visual dysfunction occurs in 80% 
of MS patients at some point in the 
disease. However, vision impairments 
can go undetected due to lack of sen-
sitivity of some visual function tests. 
Research has shown that measures 
of low contrast vision are potentially 
powerful and practical tools to measure 
the effectiveness of MS therapies. These 
findings led researchers to evaluate the 
treatment effect of alemtuzumab on 
low contrast vision in RRMS patients 
[Multi Scler. 2013;19(10):1302-1309].

The study was a predefined explor-
atory analysis within CAMMS223—a 
phase 2, randomized, rater-blinded 

trial investigating 2 dose levels of 
alemtuzumab (12 mg and 24 mg) ver-
sus subcutaneous IFNB-1a. Patients 
with early active RRMS based on the  
McDonald criteria and no prior DMT 
(n=334) were enrolled in 49 centers in 
Europe and North America. Patients 
were randomized to receive IFNB-1a 
(n=90), alemtuzumab 12 mg (n=91), 
or alemtuzumab 24 mg (n=92). Visual 
contrast sensitivity was measured for 
each eye at baseline and quarterly with 
Pelli-Robson charts.

The findings showed that eyes of 
patients in the pooled alemtuzumab ver-
sus IFNB-1a had a greater than 2-fold 
higher rate of both 3- and 6-month 
sustained visual improvement of at least 
0.3 log units (3-month hazard ratio 
[HR], 2.26; 95% confidence interval 
[CI], 1.9-4.31; P=.013; 6-month HR, 
2.44; 95% CI, 1.16-5.15; P=.019). 
The alemtuzumab cohort also had a 
lower risk of 3- and 6-month sustained 
worsening of at least 0.15 log units 
(3-month HR, 0.58; 95% CI, 0.38-0.89; 
P=.012; 6-month HR, 0.55; 95% CI, 
0.35-0.87; P=.01). Over the 36-month 
study period, the eyes of patients in the 
alemtuzumab cohort improved in mean 
contrast sensitivity to a greater extent 
than those in the IFNB-1a group (0.08 
log units vs 0.038 log units; P=.0102.)

The researchers acknowledged study 
limitations including Pelli-Robson  
assessments were not performed for 
every patient in the CAMMS223 study, 
binocular measurements, which could 
reflect visual function in a natural set-
ting, were not made in this study, and 
prebaseline practice tests were not part 
of the protocol.

“This study demonstrates that alem-
tuzumab may be associated with bet-
ter visual outcomes compared with 
IFNB-1a, and that the Pelli-Robson 
measurement of low contrast vision 
is sensitive to treatment effects,” the 
researchers concluded. “The results 
support the validity of low contrast 
vision testing as a clinical outcome in 
MS trials.”

Alemtuzumab’s 
Role in Prolonging 
Regulatory T Cell 
Function

Alemtuzumab is a humanized mono-
clonal antibody specific for the CD52 
protein present at high levels on the sur-
face of B and T lymphocytes. Research 
findings suggest that alemtuzumab alters 
the number, proportions, and prop-
erties of lymphocyte subsets during 
the repopulation process, including an  
enrichment in regulatory T (Treg) cells. 
The increase in the percentage of T cells 
with a regulatory phenotype observed 
post-alemtuzumab is of particular in-
terest, as Treg cells are considered to 
be important regulators of the immune 
system. Since Treg cells play a critical 
role in control of autoimmune responses, 
the effect of alemtuzumab on Treg cells 
was further studied in vitro [Immunol-
ogy. 2014;141(1):123-131].

The findings showed alemtuzumab 
effectively mediated complement- 
dependent cytolysis of human T lym-
phocytes and the remaining population 
was enriched in T cells with a regulatory 
phenotype. The researchers also found 
that the alemtuzumab-exposed T cells 
displayed functional regulatory charac-
teristics, including anergy to stimulation 
with allogeneic dendric cells and ability 
to suppress the allogenic response to 
autologous T cells. Consistent with 
observed increase Treg frequency, the re-
searchers found that removal of CD25hi 

cells was needed for the suppressive 
activity alemtuzumab-exposed T cells. 
The mechanism of this suppression was 
found to be dependent on both cell–cell 
contact and interleukin-2 consumption.

“These findings suggest that an alem-
tuzumab-mediated increase in the pro-
portion of Treg cells may play a role 
in promoting the long-term efficacy of 
alemtuzumab in patients with MS,”  
according to the study’s authors.—Eileen 
Koutnik-Fotopoulos

Clinical trials of alemtuzumab showed 
benefits on relapse, disability outcomes, 

and freedom from clinical disease.
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Table 2. Risk Management Plan for Alemtuzumab-Treated Patients

Potential Adverse Event Laboratory Assessment Timing

Thyroid disorders Thyroid function tests 
Prior to alemtuzumab 
initiation and then every 3 
months

Immune thrombocytopenia
Complete blood count with 
differential

Prior to alemtuzumab 
initiation and then monthly

Nephropathies
Serum creatinine and 
urinalysis with microscopy

Prior to alemtuzumab 
initiation and then monthly

Source: Ther Adv Neurol Disord. 2015;8(1):31-45.
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